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Background: Timely diagnosis of cancer enables early treatment when interventions are most effective,
but most cancer patients are being diagnosed at late stages after considerable tumor progression. Since
current in vitro diagnostic tools identify distinct tumor derived proteins or mutations specific for certain
types of tumors only, a more universal marker would foster early diagnosis. The Carcimun-test presented
here detects specific conformational changes of plasma proteins in response to cancerogenesis by the optical
extinction measurement thereby indicating general malignancy and acute inflammation. In this study, we
assessed the feasibility and performance of the Carcimun-test in healthy volunteers and cancer patients.
Methods: In this prospective, single-blinded study, plasma samples were obtained from 137 healthy donors
and 170 patients with different histologically proven malignancies and subsequently assayed by Carcimun-
testing. Participants with acute and chronic inflammation were excluded. An extinction threshold was defined
to differentiate between healthy individuals and cancer patients. Participants were then followed-up to up to
5 years after Carcimun-testing to correlate test results with mortality and define false negative rate.
Results: In the Carcimun-test, mean extinction values were significantly higher in cancer patients (n=170)
than in healthy subjects (n=137; P<0.000) and tended to increase from tumor stage I to IV. Applying an
extinction cut-off value [120], 89.6% of study participants (275/307) were either correctly identified as
healthy individuals (124/137) or patients with different cancers (151/170), resulting in high levels of accuracy
(90.0%), sensitivity (88.8%), and specificity (91.2%). The positive and negative predictive values were 92.0%
and 87.0%, respectively. At the follow-up 29.1x1.24 [standard of the mean (SEM)] months of true negative
(n=124/137) and true positive participants (n=151/170), all-cause mortality was below 10% in healthy
individuals and over 50% in cancer patients (P<0.002).

Conclusions: With the Carcimun-test, we present a clinically feasible tool to detect different tumor types
with high specificity, sensitivity, and accuracy. Further studies are now planned to delineate the molecular
mechanism of the Carcimun-test and to demonstrate its clinical relevance for the screening and early

diagnosis of cancer.
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Introduction

Timely detection of malignancy by early diagnosis and
cancer screening provides patients with the opportunity to
effectively benefit from cancer therapy because treatment
response and, accordingly, survival gains are by far more
pronounced at early stages of cancer (1). Decreased
mortality rates of some cancers such as colorectal and
breast cancer can at least be partially attributed to the
establishment of corresponding cancer screening tests (2).

However, the vast majority of cancer patients is currently
being diagnosed after the onset of symptoms at advanced
stages when tumors have potentially progressed to a point
where treatment options are limited. Diagnostic tools
for screening only exist for a small subset of cancers and
include microscopic analysis combined with DNA testing
[cervical cancer (3)], skin exams (4), imaging techniques
[breast cancer mammography (5), computed tomography
(CT) colonography and colonoscopy (6) chest low-dose
CT (7)], blood based tests [e.g. prostate-specific antigen (8)
carcinoembryonic antigen (9)], and developing methods
such as liquid biopsy [detection of circulating tumor cells
and tumor derived DNA (10,11)]. However, many of these
tests are limited by rather low sensitivity and specificity
that range from 70% to 80% and approximately 60% to
70%, respectively (12). And in addition, sensitivity depends
on tumor size, the patient’s age, disease history, and tissue
composition (13-15).

Presently, most of these cancer screening strategies focus
on specific tumor entities, contradicting the ‘paradox’ of
cancer epidemiology, which says that the risk for any cancer
over the course of the lifespan is generally high, while the
risk for one specific cancer at a certain time is rather low (12).
A more universal test for early diagnosis detecting the
most frequent tumor entities would therefore be of highest
significance for cancer management if test performance in
terms of high sensitivity, specificity, and accuracy as well as
applicability and accessibility are clinically adequate (16).

Most of the available in vitro diagnostic tests for early
diagnosis of cancer base on the detection of tumor derived
proteins or mutations and other tumor-inherent changes
displaying malignancy. In contrast, the Carcimun-test
(invented by Berthold Zwerger) presented in this publication
bases on the observation that the optical absorption spectra
of human blood plasma at a given wavelength may possess
diagnostic significance (17) due to detectable and specific
changes in pathological conditions (18), thereby offering an
opportunity for the identification of cancer (19,20). In the
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Carcimun-test, plasma samples are processed and measured
following an empirically developed and well standardized
protocol to reveal shifted absorption maxima correlating
with malignancy. However, the molecular mechanism to
induce the underlying phenomena remains to be elucidated.
Interestingly in this regard, in unpublished pilot studies we
found that Carcimun-test results not only correlate with
malignancy but also with acute and chronic inflammation,
suggesting an involvement of the humoral immune
system (21). Yet data from these pilot studies suggest
that extinction values above a defined threshold indicate
malignancy in individual patients if acute inflammation can
be excluded.

In the long term, we believe that the clinical usage of the
Carcimun-test might be possible in two scenarios. First, we
hypothesize that the test can be applied as screening tool in
asymptomatic individuals. Second, the test may be feasible
to early diagnose cancer with meaningful accuracy after the
occurrence of initial symptoms and unclear clinical signs.
To further validate the second hypothesis, we conducted
a prospective, single-blinded evaluation, including a
S-year follow-up on all-cause mortality in patients with
a histologically proven malignant disease and healthy
volunteers. We present the following article in accordance
with the STARD reporting checklist (available at https://
pem.amegroups.com/article/view/10.21037/pem-21-35/rc).

Methods
Study design

This prospective, single-center, single-blinded study was
conducted at the Medical University of Vienna, Austria,
between April 2015 and April 2016, followed by a 5-year
follow-up analysis. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by Institutional Ethics Committee of
Medical University of Vienna (No. EK 1651/2015, Medical
University of Vienna, Austria) and informed consent was
taken from all the patients.

Participants

Study participants were recruited as a convenience sample at
the department of general surgery of the Medical University
of Vienna, Austria. According to anamnestic information
and histological examinations (i.e., patients who had been
subjected to surgical treatment of cancer), participants
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were assigned to the group of cancer patients or healthy
volunteers. To be included, participants were required to
provide written informed consent. Primary exclusion criteria
were the presence of acute and chronic inflammation, fever,
autoimmune disease, the perception of being unhealthy, as
well as an examination with contrast medium and isotopes
and/or any therapeutic intervention in the 14 days before
Carcimun-testing. If there was uncertainty as to the
fulfillment of primary exclusion criteria, participants were
tested for leukocytosis and increased levels of c-reactive
protein and fibrinogen (secondary exclusion criteria).

The results of an unpublished pilot study of B. Zwerger
and J. Groth has shown an accuracy of the “Zwerger-Test”
(meanwhile named Carcimun-test) of about 89% (specificity
as well as a sensitivity). Our null hypothesis was that the
“Zwerger-Test” will not be less than 89% sensitive and
89% specific for detecting samples with malignant disease
in the study cohort. A sample size calculation assuming an
accuracy of 89% at a confidence interval of 5% revealed that
a total cohort size of n=302 is appropriate. This estimation
is valid for a fraction of positive (malignant) samples of
50% in the study cohort. All calculations were performed
according to the formula of Jones et al. (22).

Carcimun-testing and follow-up procedures

For Carcimun-testing, one blood sample (9 mL
S-Monovette K3E) per participant was obtained from
the cubital vein and sampled in K3-EDTA tubes for
plasma preparation and 3.2% buffered sodium citrate for
standard coagulation analysis. Plasma was immediately
separated by centrifugation (3,000 rpm, 5 minutes, room
temperature) and transferred to tubes without additives. All
plasma samples were blinded before testing. Details of the
following Carcimun-test procedure cannot be given due to
the ongoing patenting process. In brief, in accordance with
a standardized protocol, conformational changes of specific
plasma proteins were subjected to a defined biochemical
process, and optically assessed using a commercial clinical
chemistry analyzer, Thermo Scientific Konelab PRIME 60.
Samples were analyzed in duplicates, and measurements
were given as milli extinction units. A predefined cut-off
value of 120 then differentiated between healthy individuals
(£120) and cancer patients (>120). After the follow-up, the
occurrence of subsequent cancer in each healthy volunteer
was evaluated by a telephone interview, or, if not applicable,
by examination of the latest available medical record. The
Austrian death registry was further screened to detect fatal
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outcomes (all-cause mortality).

Statistical analysis

Normally distributed demographic data (age) were compared
by the #-test for unpaired samples and presented as mean
+ standard error of mean (SEM). Group differences in sex
ratio and smoking status were tested by the by chi-square
test. Crosstabs were used to analyze test performance
(specificity, sensitivity, accuracy, and positive and negative
predictive values). Based on actual test performance (rate of
true positive, true negative, false positive and false negative)
we calculated the contingence quotient using crosstabs.
Post-hoc power calculation was conducted using the sample
size of n=307 and a significance level a of 0.05. To assess
the influence of tumor stage on the extinction level, the
extinction data per stage category were averaged and
stratified according to tumor stage in four tumor entities
(breast, pancreas, colorectal, anus). Analysis was performed as
univariate logistic regression. Data of this subgroup analysis
are presented as mean (without group comparisons) since the
numbers of cases per category were low. Survival curves were
calculated by Kaplan-Meier estimation. All statistical analyses
were performed with SPSS 26 (IBM Corp., USA).

Results
Participants characteristics

Out of 343 study participants screened, 16 (4.66%) and 20
(5.83%) participants were excluded due to due to fulfillment
of primary and secondary exclusion criteria, respectively.
The remaining 307 study participants, who all underwent
the Carcimun-test at the beginning of the study, comprised
137 healthy volunteers and 170 cancer patients with proven
malignancy (Figure 1). The mean follow-up period was
29.1+1.24 (SEM) months (range, 0-61.9 months). Mean
age, sex ratio, and smoking status are summarized in Zible 1.
Malignancy in cancer patients was either proven by biopsy
before blood withdrawal or thereafter by surgical removal
of a lesion.

Overall differences in test results

The mean extinction values were significantly higher in
cancer patients than in healthy individuals (Tzble 2). Mean
extinction values of cancers patients were 4.4 and 6.7-
fold increased, when considering the entirety of study
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Healthy subjects (n=137)
® 90.5% true negative (n=124)
® 9.5% false positive (n=13)

Carcimun-test
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All-cause mortality

5.1% (7/137)

Follow-up
29.1+1.24 months (mean + SEM)

All-cause mortality
32.9% (56/170)

Figure 1 Flow chart of study participants and procedures. Exclusion criteria have been differentiated into primary and secondary exclusion
criteria as described in the Methods section. The results of the Carcimun-test and the follow-up period are provided as percentages and

actual numbers.

Table 1 Characteristics of study participants

Participants’ characteristics Healthy subjects (n=137) Cancer patients® (n=170) Significance
Age (years, mean + SEM) 48.2+1.35 62.4+1.02 P<0.004
Sex (female/male) 47/90 84/86 P<0.008
Smoking (yes/no) 35/102 46/124 NS

§, tumor entities in cancer patients (number): secondary liver (n=28), breast (n=27), pancreas (n=21), colorectal (n=18), primary liver (n=13),
neuroendocrine tumor (n=11), bile duct/Gallbladder (n=10), anus (n=10), esophageal (n=7), peritoneum (n=6), stomach (n=6), ovary (n=3),
melanoma (n=3), sarcoma (n=3), lymphoma (n=2), skin (n=1), kidney (n=1). SEM, standard error of mean; NS, not significant.

Table 2 Carcimun-test results of study groups

Study sample type Healthy subjects (n=137) Cancer patients (n=170) Significance
All samples (mean extinction + SEM) 67.1+6.8 292.6+15.6 P<0.000
True negative/positive (mean extinction + SEM) 48.3+4.0 322.1+16.1 P<0.000

SEM, standard error of mean.

participants and the subgroup of correctly identified Identification of cancer patients by Carcimun-testing

individuals, respectively. Moreover, extinction values of

cancer patients including false negatives tended to positively On the basis of smaller pilot studies, a cut-off extinction

correlate with tumor stage in breast, colorectal, pancreas, value of 120 had been defined to differentiate between

and anal cancer (7able 3). No optically visible changes to the
sample indicating, e.g., massive protein precipitation were
observed.
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healthy individuals (£120) and cancer patients (>120).
Applying this cut-off value, the Carcimun-test correctly
identified 89.6% of study participants (275/307) as healthy
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Table 3 Carcimun-test results in four cancer types stratified according to tumor stage
Cancer type Stage | Stage Il Stage Il Stage IV
Breast cancer (mean extinction®) 168 140 265 351
Colorectal cancer (mean extinction®) 136 235 253 338
Pancreas cancer (mean extinction®) - 343 476 289
Anal cancer (mean extinction’) 242 156 371 566
§, data are presented as mean without standard error of mean due to low sample size in each category.
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Figure 2 Extinction values of the Carcimun-test for individual healthy subjects and cancer patients. Data are plotted on a logarithmic scale.

The extinction threshold applied for the differentiation of healthy individuals (£120) and cancer patients (>120) is indicated.

individuals (124/137) and patients with different cancers
(151/170). These data compare well to the previous
unpublished pilot study results. False positive and false
negative test results were observed in 9.5% (13) of healthy
individuals and 11.2% (19) of cancer patients, respectively
(Figures 1,2). In more detail, false negative results occurred
in patients with breast cancer stage I (4 out of 12), IT (2 out

© Precision Cancer Medicine. All rights reserved.

of 9), I1I (1 out of 4), IV (0 out of 2), pancreatic cancer stage
II (0 out of 1), stage III (1 out of 9) and IV (1 out of 11),
esophageal cancer stage II and IV; n=1 each, hepatoma (n=2),
bile duct cancer patients (n=3), neuroendocrine tumor
patients (n=2), colorectal cancer patient stage I (0 out of 2),
stage I (0 out of 3), stage III (0 out of 5) and stage IV (1 out
of 8), liver metastasis (n=1), and lymphoma (n=1).
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Figure 3 Survival analysis of the follow-up data. The Kaplan-Meier
curves show the survival (%) of truly negative healthy subjects (blue)
and truly positive cancer patients (red) and false negative cancer

patients (green). Vertical lines indicate censored data.

Carcimun-test performance

In our study, the Carcimun-test achieved high levels of
accuracy (90.0%), sensitivity (88.8%), and specificity
(91.2%). The positive and negative predictive values were
92.0% and 87.0%, respectively. Post-hoc power calculation
revealed a power of 1.0 and thus a likelihood of 0% for
a type 2 error. To evaluate the clinical relevance of the
Carcimun-test results, we assessed the 5-year all-cause
mortality of study participants who had correctly been
identified as healthy individuals or cancer patients (Figure 3).
All-cause mortality after 5 years was below 10% in healthy
individuals and over 50% in cancer patients (P<0.002).
The similarity of the survival curves for cancer patients
tested either positive (true positive) or negative (false
negative) suggests that the test indeed missed clinically
relevant cancers (Figure 3). While no adverse events were
observed by the blood withdrawal for the Carcimun-test,
the reference standard was part of the standard work up of
the patients and associated with the commonly known side
effects.

Discussion

In this study, we assessed feasibility and performance of
the novel Carcimun-test in cancer patients and healthy
volunteers. The Carcimun-test demonstrated to be easily
applicable in clinical practice and successfully differentiated
between healthy subjects and cancer patients with high
accuracy, sensitivity, and specificity. Carcimun-test results
further correlated with long-term survival, thereby
supporting the clinical relevance of Carcimun-test.

© Precision Cancer Medicine. All rights reserved.
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The activation of oncogenes and loss of tumor
suppressors during cancerogenesis not only directly
determines the characteristics of cancer cells, but also
profoundly influences tumor-host interactions, involving
the activation or inhibition of the immune system as well
as the mutual relationship between the systemic and local
immune milieu and metastasis (23). The exact mechanism
of the Carcimun-test is unknown at this stage. However,
we believe that in contrast to conventional tumor markers
and screening methods that assess the presence of specific
tumor proteins and mutations, the Carcimun-test detects
the response of the host's cancer defense mechanisms
detectable in human plasma. These mechanisms presumably
involve the interplay of tumor cells with the host’s immune
system. This might lead to subtle modifications of plasmatic
proteins of the immune system. These modifications might
be the subject of the Carcimun test principle leading to
changes in absorption at given wavelength (24,25). To
provide proof for this assumption research is currently
conducted considering the following observation and two
scenarios as potential explanation. As reported in this
manuscript, we observed that the absorption measurements
of the Carcimun test revealed a strong correlation with
the disease stage. In the first and most frequent scenario,
we would explain a modulation in absorption by protein
precipitation and/or solubilisation processes. Obviously,
precipitation/solubilisation phenomena change the amount
of scattering and absorbing molecule mass, which will have
a direct impact on the absorption. Given the pronounced
changes in absorption we detected, we should expect
a significant, and optically visible, amount of protein
precipitation or solubilisation with increasing tumor stage.
However, this was not the case. Therefore, we can reject
that precipitation phenomena are the dominant molecular
principle underlying the observed absorption changes. In
a second scenario, the observed changes in absorption at a
defined wavelength result from a shift of several absorption
maxima which merge into the wavelength, at which the
absorption measurement is conducted. This second scenario
is consistent with our observations, i.e., no precipitation
accompanying the increase in absorption, but raises
the question towards underlying molecular phenomena
that can induce such shifts in absorption maxima.
Generally, aromatic groups such as tryptophan, tyrosine
or phenylalanine as well as aromatic cofactors dominate
the absorption behaviour of biomolecular samples. Each
of these groups has a characteristic absorption maximum,
which is frequently modulated by its environment (24,25).
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As a consequence of this suspected more general
underlying phenomenon, the Carcimun-test as we
demonstrated in this manuscript is capable to detect a wide
range of tumor entities, representing a major advantage
over conventional methods for cancer screening and
early diagnosis. Another advantage is that the Carcimun-
test provides a methodically robust approach to detect
cancer, thus enabling its clinical usage. Data presented
in this article further indicate high levels of sensitivity
(88.8%) and specificity (91.2%), corresponding to and
even exceeding those of many screening tests (12), for
example the carbohydrate antigen 19-9 test for pancreatic
cancer [sensitivity: 70-90%; specificity: 68-91% (26)],
the contrast enhanced spectral mammography for breast
cancer [sensitivity: 85%, specificity: 77% (27)], and the
fecal immunochemical test for colorectal cancer [sensitivity:
79%, specificity: 94% (28)]. However, the number of false
positive and false negative test results of the Carcimun-
test give raise to some concern. False positive test results
misclassifying healthy subjects as having the disease
would cause severe psychological consequences as well as
unnecessary and possibly invasive diagnostic or therapeutic
procedures. False negative test results misclassifying subjects
with cancer as not having the disease would give them a
false sense of security and potentially keep them from using
additional diagnostic test, resulting in delayed diagnosis,
and, in cases for which early therapy offers better chances
for recovery, an increased risk of morbidity and mortality.
"To minimize those restrictions, we aim at further improving
the test performance once the molecular mechanism of
the test is fully understood. In addition, Carcimun-testing
on a regular basis (e.g., annually) would reduce the risk of
false test results, especially because our findings suggested a
positive correlation of Carcimun-test mean extinction with
tumor stage in breast, colorectal, pancreas, and anal cancer.
At the current point in time, however, we consider the
Carcimun-test as a complement rather than a substitute to
other diagnostic tools.

A major disadvantage of the Carcimun-test might
be the requirement to exclude inflammation in study
participants. As demonstrated by the relatively low
number of individuals excluded from this study due to
the presence of inflammatory signs, this disadvantage
might be negligible if the Carcimun-test is applied for
early detection of cancer in single patients after the
occurrence of first symptoms and clinical signs. Obviously,
this disadvantage is more significant for its application as
screening tool in asymptomatic individuals, but additional
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research is underway to further improve the Carcimun-test
performance in this scenario.

In our study, the significant differences in the
demographic characteristics of both study groups might
limit the generalizability of results. However, in this study,
we aimed at evaluating the clinical feasibility and general
performance of our test. In addition to the basic research
mentioned above, we will therefore conduct larger scale
and properly designed studies to assess the performance of
the Carcimun-test in both the diagnostic and the screening
scenario.

Conclusions

The majority of tumor markers and diagnostic approaches
presently available for the screening and early detection
of cancer can only identify the presence of specific tumor
types. Moreover, sensitivity and specificity of many cancer
screening strategies are unsatisfactory, and clinical feasibility
of some methodological approaches is limited. With the
Carcimun-test, we present a novel, clinically feasible
method to detect a broad range of tumor types, with high
specificity, sensitivity, and accuracy. For now, we consider
the Carcimun-test as a potential complement to existing
diagnostic tools, rather than a substitute. Further research
will be required to delineate the molecular mechanism of
the Carcimun-test and to demonstrate the clinical relevance
of the Carcimun-test for the screening and early diagnosis
of cancer.
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